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(57) Abstract: The present invention relates 
to a press which comprises a pressure vessel 
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elements for transmitting forces in pressurised 
operation between the cover and the inner 
wall of the pressure vessel. Each element has 
a first contact surface adapted to fit a contact 
surface of the cover and a second contact 
surface adapted to fit a contact surface of 
the inner wall of the pressure vessel. Said 
elements are movable away from said contact 
surface of the cover and said contact surface 
of the inner wall of the pressure vessel in the 
direction of the longitudinal centre axis of the 
pressure vessel. The invention also relates to 
a method for opening a pressure vessel. 
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PRESS 

Field of the Invention 

The present invention relates to a press, which com- 
prises a pressure vessel having an internal closure, and 
5 a method for opening a pressure vessel which is included 
in a press. 

Background Art 

Many industrial- manufacturing processes use presses, 

10 such as high-pressure presses. A common type of press, 

e.g. for machining aluminium pieces, comprises a pressure 
vessel in which the actual pressing operation takes place 
and, which is provided with some type of closure, such as 
a cover. Traditionally, the cover has been screwed to the 

15 wall of the pressure vessel by means of a threaded con- 
nection. After each pressing operation when a processed 
material is to be removed from the press, the cover has 
to be unscrewed, which is a time-consuming procedure. 

US 4,565,297 discloses an alternative embodiment of 

20 the closure between cover and pressure vessel, several 

support segments being arranged between the cover and the 
pressure vessel. The sealing force which originates from 
the cover is transmitted via these segments to the pres- 
sure vessel. In particular, the force transmission takes 

25 place via parallel, specially designed contact surfaces. 
The disadvantage of the shown construction is that the 
segments are exposed to great strain at the risk of pres- 
sure concentrations arising in certain portions, which 
can lead to the segments cracking and needing to be re- 

30 placed earlier than desirable. 

Another disadvantage is that any transverse forces 
acting on the segments can make the segments slide up- 
wards to the axis of the pressure vessel and, therefore, 
it has been necessary to arrange special locking elements 
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which with their vertical contact surfaces against the 
segments and the cover, respectively, prevent such a mo- 
tion. In addition, the removal of the cover with the pur- 
pose of reaching the inside of the pressure vessel seems 
5 to be a time-consuming procedure. 

US 2,821,325 discloses yet another variant of a clo- 
sure for pressure vessels. Several segments having 
rounded contact surfaces are arranged between the cover 
and the pressure vessel. However, the construction is 
10 such that it is difficult to remove the cover. An actuat- 
ing lever is used to tilt the segments to a desired posi- 
tion before the cover can be removed. Also this known 
technique thus involves a time-consuming procedure. 

15 Summary of the Invention 

An object of the present invention is to provide a 
press which allows simple handling and which reduces the 
above-mentioned disadvantages. 

Another object of the invention is to provide a 

20 method that allows the pressure vessel to be easily 

opened after a pressing operation has been carried out. 

These and other objects which will be evident from 
the following description are achieved by means of a 
press and a method, which have the features that are 

25 stated in the appended claims. 

According to one aspect of the invention, a press is 
provided which comprises a pressure vessel having an in- 
ternal closure. The internal closure comprises a cover 
and a number of elements for transmitting forces in pres- 

30 surised operation between the cover and the inner wall of 
the pressure vessel. Each force-transmitting element has 
a first contact surface adapted to fit a contact surface 
of the cover and a second contact surface adapted to fit 
a contact surface of the inner wall of the pressure ves- 

35 sel. According to the invention, the pressure vessel is 
arranged in such a manner that the cover is allowed to 
assume two different positions in the axial direction of 
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the pressure vessel, namely a first position when the 
pressure vessel is pressurised and when said elements 
transmit forces from the cover to the inner wall of the 
pressure vessel, and a second position when the pressure 
5 vessel is essentially unpressurised and each element is 
movable away from said contact surface of the cover and 
said contact surface of the inner wall of the pressure 
vessel in the direction of the longitudinal centre axis 
of the pressure vessel. 

10 Consequently, the invention is based on the insight 

that contact surfaces of covers and pressure vessels do 
not need to be used as a support for the elements in con- 
nection with the actual opening of the pressure vessel, 
and that the cover can be made movable in order to fa- 

15 cilitate a displacement of the elements from these con- 
tact surfaces. This allows a simple opening procedure 
since the cover is dimensioned so that the elements can 
quickly be arranged in such a manner that they have no 
contact with said contact surfaces of pressure vessels 

20 and covers. 

It should also be understood that, according to at 
least one embodiment of the invention, said displacement 
of the elements can comprise the partial steps of first 
separating said elements and said contact surface of the 

25 cover from one another and, subsequently, separating said 
elements and said contact surface of the inner wall of 
the pressure vessel from one another. 

Even if it is possible within the scope of the pre- 
sent invention to use both straight contact surfaces and 

30 other shapes of the contact surfaces of said force- 
transmitting elements, cover and inner wall of the pres- 
sure vessel, it may be advantageous to have rounded con- 
tact surfaces. By using contact surfaces of said elements 
which are curved in a longitudinal plane of section which 

35 is axial to the pressure vessel, relative motions can be 
permitted between cover and vessel wall without any risk 
of detrimental pressure concentrations on said elements. 
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In such designs, said contact surfaces are suitably 
curved or rounded in a longitudinal plane of section 
which is axial to the pressure vessel so that forces 
which are transmitted between the cover and the inner 
5 wall of the vessel provide an essentially uniformly dis- 
tributed contact pressure between the cover and said 
force -transmitting element on the one hand, and said 
force-transmitting element and the inner wall of the ves- 
sel, on the other. In the rest of the description, the 

10 stress will be put on such curved contact surfaces. As 
stated above, it should be understood that the invention 
also can be used for other forms of contact surfaces. 

In a press according to the invention, the pressure 
in the pressure vessel during a pressing operation is 

15 typically 50 - 2000 bar. During such a pressing opera- 
tion, the cover tends to bend axial ly upwards /outwards 
and the wall of the pressure vessel tends to bend ra- 
dially outwards. The curved contact surfaces take these 
deformations in the cover and the vessel wall into con- 

20 sideration, so that a moderate and uniformly distributed 
contact pressure is obtained. When the cover and the ves- 
sel wall are deformed due to the internal overpressure, 
dimensional adaptation takes place by a "rocking sliding 
motion" in the curved contact surfaces. Due to the curved 

25 contact surfaces, a large advantage is obtained in that 
the deformations of the vessel wall and the cover do not 
cause as large concentrations in the contact pressure as 
would have been caused by straight contact surfaces. 

As mentioned above, each force- transmitting element 

30 has a first contact surface that fits a contact surface 
of the cover and a second contact surface that fits a 
contact surface of the inner wall of the vessel. Said 
first contact surface has thus suitably an essentially 
circular-arc cross-section with a radius that essentially 

35 corresponds to the radius of a circular-arc cross- section 
of the contact surface of the cover. Said second contact 
surface and the contact surface of the vessel also have 
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the same agreement between the radii of the respective 
essentially circular-arc cross-sections. 

Consequently, the curvature of the contact surfaces 
is suitably based on calculations of the deformation of 
5 the cover and the vessel wall, the respective curvatures 
being made so as to obtain the maximum even contact pres- 
sure between the force -transmitting elements and the 
cover and the vessel wall, respectively. In spite of the 
changes in angles that arise between the cover and the 
10 vessel wall, the even contact pressure is to be main- 
tained. 

The advantageous shape can be made either convex or 
concave. It is thus possible to form said force- 
transmitting elements so that said first and second con- 

15 tact surfaces bend outwards to the cover and the wall of 
the pressure vessel, respectively. Alternatively, the 
high-pressure press can be adapted for elements having 
inwardly curved contact surfaces. Yet another alternative 
is to let one of said first and second contact surfaces 

20 bend inwards and the other contact surface bend outwards. 

The force -transmitting elements together form an an- 
nular configuration in the circumferential direction of 
the pressure vessel. Each force-transmitting element thus 
suitably constitutes a toroidal part. When opening the 

25 cover, said elements are removed by moving them radially 
towards the centre axis of the pressure vessel and are 
thus removed from the contact surfaces of the cover and 
the pressure vessel wall, respectively, which will be de- 
scribed below in more detail. This means that in the an- 

30 nular configuration which said force-transmitting ele- 
ments form, there should be sufficient space between two 
adjacent elements in order to move these radially inwards 
to the centre axis since the circumference of the annular 
configuration decreases nearer the centre axis. The num- 

35 ber of force- transmitting elements is preferably at least 
three, for instance at least four, in particular six. 
However, as an alternative force-transmitting elements 
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can be used, which are only two in number. In this case, 
the force-transmitting elements are bendable. 

In this application text, the centre axis is defined 
as the straight centre axis which runs in the altitude of 
5 a cylinder. The force- transmitting elements are essen- 
tially adapted to transmit axial forces. 

According to the invention, the press is designed so 
that the cover is movable between a first and a second 
position. For a vertically arranged pressure vessel, the 

10 cover, either a bottom cover or a top cover, is verti- 
cally adjustable. This adjustability facilitates the re- 
moval and the mounting of said elements. In the press ac- 
cording to US 4,565,297, there is no such mechanism since 
the plane contact surfaces allow the segments to be moved 

15 in a direction obliquely upwards to the centre axis of 
the pressure vessel without vertically adjusting the 
cover. However, it is necessary that special locking ele- 
ments be arranged between the segments and the cover in 
order to prevent the segments from undesirably sliding 

2 0 towards the centre axis when they are exposed to trans- 
verse forces. It should also be noted that if a pressure 
vessel in a press according to the invention is arranged 
horizontally, i.e. the centre axis extends horizontally, 
said first and second position of the cover would be 

2 5 separated in the horizontal direction. 

In the press according to the present invention, the 
rounded shape of the contact surfaces has such an inher- 
ent property that the elements to a certain extent are 
prevented from being undesirably radially moved towards 

30 the centre axis, in contrast to prior-art smooth, plane 
contact surfaces. Thus, it is not necessary to use an ex- 
tra locking element for the invention. As will be evident 
from the following, a filling element between the force- 
transmitting elements and the cover, however, presents an 

35 advantageous embodiment of the invention. 

Although it is not necessary to use any supplemen- 
tary locking element, it may be desirable to ensure that 
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undesired motion of said elements in the direction of the 
centre axis caused by transverse forces essentially does 
not occur, i.e. it is not desirable to allow each element 
with its centre of mass to be moved in an uncontrolled 
5 manner towards the centre axis. However, it is desirable 
to allow the sliding motion of the force-transmitting 
elements rocking round the centre of mass so that they 
reach the correct position before a pressing operation. 
Thus, the closure can be such that a side of each force- 

10 transmitting element facing the centre axis is in contact 
with a portion of the cover, the cover per se blocking 
lateral motion of the elements. 

When a pressing operation is completed, the finished 
material is to be removed from the pressure vessel, which 

15 means that the cover first is to be removed. To allow re- 
moval of the cover, the force-transmitting elements are 
first removed. As mentioned above, these are preferably 
prevented from moving laterally by a portion of the 
cover. The solution is first to lower the cover enough so 

2 0 that there is no obstacle to lateral movement of said 

force-transmitting elements. Like in a translational mo- 
tion, the force -transmitting elements are then drawn to- 
wards the centre axis of the pressure vessel, for exam- 
ple, by means of actuators, such as hydraulic pistons, 

2 5 motor-driven ball bearing screws, pneumatic or mechanical 

actuators, after which the cover, and preferably the 
force-transmitting elements arranged thereon, are lifted 
away from the pressure vessel so that the inside of the 
pressure vessel becomes accessible. The force- 

3 0 transmitting elements are thus removed from that contact 

surface of the cover which is used during the actual 
pressing operation to a position above said contact sur- 
face . 

As mentioned above, the first contact surface of 
35 said elements is thus during a pressing operation adapted 
to abut against said contact surface of the cover, which 
is a first contact surface of the cover. According to at 
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least one embodiment of the invention, the cover also 
comprises a second contact surface against which the 
first contact surface of said elements is adapted to abut 
after a pressing operation when lifting the cover, or be- 
5 fore a pressing operation when lowering the cover. 

The method described above applies to a top cover. 
As regards a bottom cover, the removal is carried out 
vertically inversely, i.e. first the cover is elevated, 
said elements are moved inwards to the centre, and the 

10 cover is then removed by being lowered. 

Alternatively, a filling element can be used, which 
is arranged between a side of each force-transmitting 
element facing the centre axis of the pressure vessel and 
the cover. This filling element which contributes to re- 

15 taining said force-transmitting elements and preventing 
radial displacement, suitably comprises one single annu- 
lar piece. The filling element is thus a supplementary 
protection. However, the force -transmit ting elements will 
essentially rock unlike segments having straight contact 

20 surfaces which tend to slide out of position without any 
supplementary locking. Even though the filling element is 
not necessary, it exhibits an important advantage in this 
context. According to the preceding alternative without a 
filling element, it is necessary to lower the cover 

25 enough to allow the force- transmitting elements to be 

pulled radially inwards to the centre axis away from the 
contact surface of the cover. If the portion of the cover 
that constitutes this blocking function is just as high 
as each force- transmitting element, this means that the 

3 0 cover should be lowered a distance corresponding to this 
height, which typically can be 100-200 mm. The use of 
filling elements certainly involves that they have to be 
lifted to make it possible to remove the force- 
transmitting elements but, on the other hand, it is not 

35 necessary to lower the cover more than a few millimetres, 
typically less than 20 mm. The distance also depends on 
how much the contact surfaces are curved. 



WO 02/103228 



9 



PCT/SE02/01210 



A top cover is elevated and lowered preferably auto- 
matically between the upper position, in which the cover 
is located in the pressurised state of the press, and the 
lower position, in which the cover is located when the 
5 press is not pressurised. In an unpressurised state, the 
cover is thus located in the lower position, each force- 
transmitting element with its first contact surface abut- 
ting against the contact surface of the cover. However, 
there will be a gap between the second contact surface of 

10 each force- transmitting element and the contact surface 
of the inner wall of the pressure vessel. When pressuris- 
ing the pressure vessel, the overpressure generated 
therein will affect the cover so that it moves upwards, 
the second contact surface of each force-transmitting 

15 element being brought in contact with the inner wall of 
the pressure vessel. In a corresponding way, the contact 
will cease when the pressure after the pressing operation 
is relieved and the cover is lowered again. Even though 
this described motion of the cover to a large extent is 

20 automatic, for example, hydraulic pistons can also be 
used for this purpose in order to obtain extra safety. 
These hydraulic pistons are preferably also used for re- 
moving the cover from the press so that the contents of 
the pressure vessel become accessible. 

25 Alternatively, said gap can instead be formed be- 

tween the cover and the force- transmitting elements, for 
example, by hydraulic pistons retaining the force - 
transmitting elements in contact with the contact surface 
of the vessel wall, while the cover is lowered after the 

30 pressing operation and is lifted (mechanically or by 

means of the internal pressure) before a new pressing op- 
eration. With the aid of retaining means, such as hydrau- 
lic, pneumatic, mechanical or electrical means, said ele- 
ments can thus be adapted to be retained in essentially 

35 the same position while the cover is lowered from the up- 
per position to the lower position in order to cause said 
elements to move away from the contact surface of the 
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cover. The displacement of the cover must be considered 
to be equivalent to displacement of the elements them- 
selves since the mutual relation is the same in both 
cases, i.e. the first contact surface of the elements and 
5 the contact surface of the cover are removed from one an- 
other. 

According to at least one embodiment of the inven- 
tion, the removal of the contact surfaces of the force- 
transmitting elements from the contact surface of the 

10 cover and the contact surface of the inner wall of the 
pressure vessel can thus be carried out in two separate 
steps. In a first stage, the elements are thus removed 
from the contact surface of the cover by this being low- 
ered, i.e. moved from its first position to its second 

15 position, and in a subsequent second stage the elements 

are removed from the contact surface of the inner wall of 
the pressure vessel by each element in its totality being 
made to move towards the centre axis of the pressure ves- 
sel . 

20 The force- transmitting elements having the curved 

contact surfaces according to the invention are prefera- 
bly manufactured by turning. 

Brief Description of the Drawings 

25 Fig. 1 is a perspective view of a high-pressure 

press according to the present invention. 

Fig. 2 is a schematic part-sectional view of a pres- 
sure vessel with an internal closure, which is comprised 
in a press according to an embodiment of the present in- 

30 vent ion. 

Fig. 3 schematically shows the pressure vessel in 
Fig. 2 when it is arranged to be opened. 

Fig. 4 is a schematic part-sectional view of a pres- 
sure vessel with an internal closure, which is comprised 
35 in a press according to another embodiment of the present 
invention. 
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Fig. 5 schematically shows the pressure vessel in 
Fig. 4 in an unpressurised state. 

Fig. 6 is a schematic part- sectional view of a pres- 
sure vessel with an internal closure, which is comprised 
5 in a press according to yet another embodiment of the 
present invention . 

Fig. 7 schematically shows the annular configuration 
that is formed by the force-transmitting elements com- 
prised in the invention. 

10 

Detailed Description of the Drawings 

Fig. 1 is a perspective view of a high-pressure 
press 10 according to the present invention. The high- 
pressure press 10 comprises a circular cylindrical pres- 

15 sure vessel 12 which is lowered into a cavity. The lower 
end of the pressure vessel 12 is located on a support 14 
at the bottom of the cavity. An upper portion of the 
pressure vessel extends above the floor or ground level 
16. A support arrangement 18 for a hydraulic device is 

20 attached to the floor. The hydraulic device comprises a 
hydraulic unit 20 which controls the vertical motion of 
four hydraulic pistons 22 for lifting and lowering a 
cover which closes the pressure vessel. The hydraulic de- 
vice also comprises hydraulic pistons (not shown) for 

25 displacing force -transmitting elements, which will be de- 
scribed in the following. Furthermore, a hydraulic piston 
23 is illustrated, the function of which, among other 
things, is to remove a filling element, which is illus- 
trated in connection with the embodiment shown in Figs 4 

30 and 5. 

Fig. 2 schematically shows a longitudinal part- 
sectional view of a pressure vessel 30 having an internal 
closure, the pressure vessel being comprised in a press 
according to an embodiment of the present invention. The 
35 upper portion 32 of the pressure vessel 30 has an 

enlarged radius. The pressure vessel comprises a wall 33, 
the inside 34 (also named inner wall) of which in this 
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enlarged portion 32 is cut out so as to form a recess 36. 
The inner wall 34 is along the recess 36 essentially par- 
allel to the outside of the pressure vessel 30 with the 
exception of the upper portion of the recess. In the up- 
5 per portion of the recess 36, a contact surface 38 is 

formed, which is curved in the plane shown in the partial 
cross-sectional view. Since the pressure vessel 30 is cy- 
lindrical, the wall 33 of the pressure vessel 30 is 
curved round its longitudinal centre axis, i.e. in a 

10 transverse plane of section through the pressure vessel 
30. This also applies to said contact surface 38 which is 
thus curved in two planes. 

A solid cover 40 having a flat bottom surface is ar- 
ranged in the pressure vessel 30 and is provided with a 

15 seal (not shown) that is suitable for this purpose. Simi- 
larly to the inner wall 34 of the pressure vessel 30, the 
cover 40 has a contact surface 42 which is curved in the 
longitudinal plane of section shown through the pressure 
vessel 30. A force-transmitting element 44 is arranged 

20 between the inner wall 34 of the pressure vessel 3 0 and 
the cover 40. The force-transmitting element 44 has a 
first lower contact surface 46 and a second upper contact 
surface 48 which are curved in the shown plane. The lower 
contact surface 46 is fitted into the contact surface 42 

25 of the cover 40 and the upper contact surface 48 is fit- 
ted into the contact surface 38 of the inner wall 34. For 
optimal fitting, the contact surfaces 38, 48 and 42, 46, 
respectively, have essentially the same radii of curva- 
ture in the shown plane. In this Figure, the radii of 

3 0 curvature of the first contact surface and the second 

contact surface of the force-transmitting element 44 are 
also essentially of the same size, i.e. 100 mm. Based on 
calculation of the deformation of the cover 40 and the 
vessel wall 33, the contact surfaces 38, 42, 46, 48 are 

35 formed so as to obtain the maximum even contact pressure. 
Thus, the size (also relative proportions) of the radii 
can vary depending on press and application. 
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The force-transmitting element 44 is with its essen- 
tially vertical lateral surfaces 50, 52 in contact with 
essentially vertical surfaces 54, 56 of the cover 40 and 
the inner wall 34 of the pressure vessel 30, respec- 
5 tively. The vertical surface 54 of the cover 40 prevents 
the force-transmitting element 44 from sliding out of po- 
sition. The pressure vessel 30 shown in Fig. 2 is pres- 
surised, for example, to 1000 bar, which means that the 
internal overpressure presses the cover 40 axially up- 

10 wards, which, in its turn, transmits the axial forces via 
the force-transmitting element 44 to the pressure vessel 
wall 33. Due to the curvature of the contact surfaces 38, 
42, 46, 48 according to the invention, a uniformly dis- 
tributed contact pressure is provided. 

15 In addition, the cover 4 0 has in an upper portion a 

further contact surface 58 and the vessel wall 33 has a 
shoulder 60 protruding towards the centre. The functions 
of these parts 58 and 60 will be described in connection 
with Fig. 3 . 

20 Fig. 3 schematically shows the pressure vessel in 

Fig. 2 when prepared to be opened, the same reference nu- 
merals being used for equivalent parts in the Figures. 
After a completed pressing operation, the cover 40 is 
lowered in the pressure vessel 30 a distance correspond- 

25 ing to the height of the force-transmitting elements 44, 
while these are retained in the vertical position by 
means of suitable equipment such as hydraulic pistons 
(not shown) , the first contact surface 46 of the force- 
transmitting elements thus being removed from the contact 

30 surface 42 of the cover by lowering the cover. The 

circumferential shoulder 60 which protrudes from the ves- 
sel wall 33 functions as a support for the cover 40 after 
this has been lowered. Subsequently, the force- 
transmitting elements 44 can be removed by hydraulic pis- 

35 tons (not shown) from the wall 33 of the pressure vessel 
30 radially inwards to the centre axis of the pressure 
vessel 30. Consequently, the lower contact surface 46 of 



WO 02/103228 



14 



PCT/SE02/O1210 



the force-transmitting element 44 will rest against that 
contact surface 58 of the cover 40 which is formed in the 
upper portion of the cover 40, as shown in Fig. 3 (dashed 
lines illustrate the position of the force-transmitting 
5 element before the displacement). Then the cover 40, with 
force-transmitting elements 44 resting thereon, is lifted 
out of the pressure vessel 30 by means of hydraulic pis- 
tons (not shown) , after which the cover 40 is suitably 
removed sideways from the opening of the pressure vessel 

10 30. The finished material can now be removed and new ma- 
terial be supplied to the pressure vessel 30. The oppo- 
site procedure follows, in which the cover 40 with force- 
transmitting elements 44 arranged thereon is lowered into 
the pressure vessel 30/ the elements 44 are moved towards 

15 the vessel wall 33, the vessel 30 is pressurised and the 
cover 40 is lifted towards the elements 44. The elements 
44 will slide into the correct angle due to the curvature 
of the contact surfaces 38, 42, 46, 4 8 according to the 
invention. 

20 Fig. 4 schematically shows a part -sectional view of 

a pressure vessel 70 with an internal closure, which is 
comprised in a press according to another embodiment of 
the present invention. The Figure shows both the upper 
portion 72 and the lower portion 74 of the pressure ves- 

25 sel; however, the middle portion is removed for reasons 
of clarity. In the pressure vessel 70, an upper cover 76 
and a lower cover 78 are thus arranged, between which a 
space is pressurised for machining a material. The upper 
cover 76 exhibits, like the cover in Fig. 2, a contact 

3 0 surface 80 which is curved in a longitudinal plane of 

section which is axial to the pressure vessel 70, against 
which contact surface abuts the lower contact surface 84 
of a force-transmitting element 82. As in Fig. 2, the up- 
per contact surface 86 of the force- transmitting element 

35 82 is in fitted contact with a contact surface 88 of the 
inner wall 90 of the pressure vessel 70. The wall 92 of 
the pressure vessel 70 comprises a circular shoulder 94 
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that limits the downward motion of the upper cover 76 in 
the pressure vessel 70. 

At least to a certain degree, the curved contact 
surfaces 80, 84, 86, 88 prevent the force- transmitting 
5 element 82 from moving radially towards the centre axis 
of the pressure vessel 70. Moreover, as a supplementary 
protective measure, a filling element 96 is positioned 
between the inside of the force- transmitting elements 82 
and the upper cover 76, which filling element 96 has es- 

10 sentially the same height as the force-transmitting ele- 
ment 82. A hydraulic piston 98, which extends through the 
upper cover 76 and the filling element 96, is attached to 
the side of the force-transmitting element 82 facing the 
centre axis. The inclination of the hydraulic piston 98 

15 shows that the force-transmitting element 82 is movable 

in a diagonal direction upwards/ inwards . The filling ele- 
ment 96 is formed as a continuous ring round the upper 
cover 76. The filling element 96 is provided with slots 
so that it can be slipped onto the hydraulic pistons 98 

20 which are attached to the force- transmitting elements 82. 
Fig. 4 thus shows a cross-section through, among other 
things, such a slot. As is evident from the Figure, a 
duct 100, through which runs the hydraulic piston 98, is 
formed in the upper cover 76. The inner diameter or width 

25 of the duct 100 is larger than the outer diameter or 

width of the hydraulic piston 98 in order to allow dis- 
placement of the upper cover 76 in the vertical direc- 
tion. 

Inside the pressure vessel 70, a furnace (not shown) 
30 is adapted to heat the material to be machined. Under the 
upper cover 76, a cooler plate 102, which is protective 
against the temperature rise, is arranged with ducts for 
cooling water. A rubber seal 104 is arranged round the 
cooler plate 102 and seals against both the inner wall 90 
35 of the pressure vessel 70 and the cover 76. Furthermore, 
the rubber seal 104 abuts against a metal ring 106 having 
a triangular cross-section, which metal ring 106 prevents 
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the rubber seal 104 from extruding between the cover 76 
and the inner wall 90 of the pressure vessel 70. Yet an- 
other seal 108 is arranged below the rubber seal 104. 
This further seal 108 protects the rubber seal 104 
5 against harmful ascending gases and also serves to hold 
the rubber seal 104. 

A corresponding construction with a cooler plate 102 
and seals 104, 106, 108 is also found in the lower por- 
tion 74 of the pressure vessel 70, as shown in Fig. 4. In 

10 the lower portion 74 of the pressure vessel 70, there is 
also a force-transmitting element 110 between the lower 
cover 78 and the inner wall of the pressure vessel. The 
distribution of contact pressure thus corresponds to that 
described above. If desirable, the stiffness of the 

15 force-transmitting element 110 can be reduced by forming 
slots therein. 

Whereas Fig. 4 illustrates a typically pressurised 
state of the pressure vessel, Fig. 5 schematically shows 
the upper portion 72 of the pressure vessel 70 in Fig. 4 

2 0 in an unpressurised state, the same reference numerals 

being used for equivalent parts. The hydraulic piston 98 
retains the force -transmitting element 82 against the in- 
ner wall 90 of the pressure vessel 70, while the cover 76 
is lowered after a completed pressing operation. The 
25 cover 76 is lowered only a few millimetres until it meets 
the shoulder 94 of the wall 92 of the pressure vessel 70. 
Thus, a gap is formed between the lower curved contact 
surface 84 of the force-transmitting element 82 and the 
contact surface 80 of the cover 76. The duct 100 through 

3 0 the cover 76, in which the hydraulic piston 98 runs is 

sufficiently broad for the hydraulic piston 98 to main- 
tain its inclination also when the cover 76 is lowered. 
Due to the use of the filling element 96 (instead of a 
broader upper portion of the cover as in Fig. 2), it is 
35 not necessary to lower the cover 76 a distance corre- 
sponding to the height of the force-transmitting element 
82. The filling element 96 is lifted straight upwards, 
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preferably by means of hydraulic pistons (not shown) in 
such a manner that the force- transmitting element 82 can 
be freely pulled out diagonally in the longitudinal di- 
rection of the shown hydraulic piston 98, after which the 
5 cover 76 and the force-transmitting element 82 can be 
lifted up so that the inside of the pressure vessel 70 
becomes accessible. 

Fig. 6 schematically shows a part -sectional view of 
a pressure vessel 120 which has an internal closure and 

10 is comprised in a press according to yet another embodi- 
ment of the present invention. The pressure vessel 120 
shown in Fig. 6 largely corresponds to the pressure ves- 
sel shown in Fig. 5. However, there is a difference. The 
lower contact surface 124 of the force-transmitting ele- 

15 ment 122 and the corresponding contact surface 126 of the 
cover 128 are curved in the opposite direction. This 
means that in the press in Fig. 6 these surfaces are con- 
cave seen from the centre axis of the pressure vessel, 
whereas in the press in Fig. 5 the surfaces are convex 

20 seen from the centre axis of the pressure vessel. 

Fig. 7 schematically shows the annular configuration 
140 which is formed by the force- transmitting elements 
included in the invention. Thus, six separate force - 
transmitting elements 142 are shown, each having the 

25 shape of a circular arc. The position of the elements 142 
when the pressure vessel is pressurised is shown with un- 
broken lines, while the position of the elements 142 when 
the cover is ready to be lifted up is shown with dashed 
lines. As is evident from the Figure, the elements 142 

30 are moved radially inwards after a completed pressing op- 
eration so that the cover can be removed and the machined 
material taken out of the pressure vessel. 

Although some embodiments have been described above, 
the invention is not limited thereto. It should thus be 

35 understood that many modifications and variations can be 
provided without deviating from the scope of the present 
invention which is defined in the appended claims. 
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CLAIMS 

1. A press (10), in particular high-pressure press, 
5 which comprises a preferably circular cylindrical pres- 
sure vessel (12, 30, 70, 120) having an internal closure, 
the internal closure comprising 

a cover (40, 76, 128) , 

a number of elements (44, 82, 122, 142) for trans- 

10 mitting forces in pressurised operation between the cover 
and the inner wall (34, 90) of the pressure vessel, which 
elements each have a first contact surface (46, 84, 124) 
adapted to fit a contact surface (42, 80, 12 6) of the 
cover and a second contact surface (48, 86) adapted to 

15 fit a contact surface (38, 88) of the inner wall of the 
pressure vessel, characterised in that 

the pressure vessel is arranged in such a manner 
that the cover is allowed to assume two different posi- 
tions in the axial direction of the pressure vessel, 

20 namely a first position when the pressure vessel is pres- 
surised and when said elements transmit forces from the 
cover to the inner wall of the pressure vessel, and a 
second position when the pressure vessel is essentially 
unpressurised and each element is movable away from said 

25 contact surface of the cover and said contact surface of 
the inner wall of the pressure vessel in a direction of 
the longitudinal centre axis of the pressure vessel . 

2. A press as claimed in claim 1, wherein said con- 
tact surfaces are curved in a longitudinal plane of sec- 

30 tion which is axial to the pressure vessel so that forces 
which are transmitted between the cover and the inner 
wall of the vessel provide an essentially uniformly dis- 
tributed contact pressure between the cover and said 
force- transmitting element on the one hand, and said 

35 force -transmitting element and the inner wall of the ves- 
sel, on the other. 
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3. A press as claimed in claim 1 or 2, wherein said 
elements are locked in a form- fit manner between the 
cover and the inner wall of the pressure vessel when the 
cover is in the first position, the locking in a form- fit 

5 manner being released when the cover is in the second 
position. 

4. A press as claimed in any one of claims 1-3, 
wherein said first position is an upper position and said 
second position is a lower position. 

10 5. A press as claimed in claim 4, wherein said ele- 

ments are arranged to be retained with the aid of retain- 
ing means (98) , such as hydraulic, pneumatic, mechanical 
or electrical means, in essentially the same position, 
while the cover is lowered from the upper position to the 

15 lower position, whereby said elements are removed from 
said contact surface of the cover. 

6. A press as claimed in any one of claims 1-5, 
wherein said contact surface of the cover is a first con- 
tact surface (42) against which the first contact surface 

20 (46) of said elements is adapted to abut during a press- 
ing operation, the cover also comprising a second contact 
surface (58) against which the first contact surface (46) 
of said element is adapted to abut after a pressing op- 
eration when lifting the cover or before a pressing op- 

25 era t ion when lowering the cover. 

7. A press as claimed in any one of claims 1-6, 
wherein one or more detachable filling elements (96) are 
arranged between a side of each force-transmitting ele- 
ment facing the longitudinal centre axis of the pressure 

30 vessel and the cover, which filling element /elements pre- 
vents/prevent said force-transmitting elements from mov- 
ing inwards to the longitudinal centre axis of the pres- 
sure vessel . 

8. A press as claimed in any one of claims 1-7, 

35 wherein the force- transmitting elements are arranged so 
that they are capable of slidably assuming such a posi- 
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tion with their contact surfaces that said uniformly dis- 
tributed contact pressure is provided. 

9. A press as claimed in any one of claims 1-8, 
wherein the first and the second contact surface of each 
5 force- transmitting element has, respectively, a first and 
a second circular-arc cross- section in a plane that con- 
tains the longitudinal centre axis of the pressure ves- 
sel, the contact surface of the cover having a circular- 
arc cross-section in said plane with a radius essentially 

10 corresponding to said first circular-arc cross-section 
and the contact surface of the inner wall of the vessel 
having a circular-arc cross- section in said plane with a 
radius essentially corresponding to said second circular- 
arc cross-section. 

15 10. A press as claimed in claim 9, wherein at least 

one of said first and said second circular-arc cross- 
sections bends outwards from the force- transmitting ele- 
ment s . 

11. A press as claimed in claim 9, wherein at least 
20 one of said first and said second circular-arc cross- 
sections bends inwards in the force-transmitting ele- 
ments . 

12. A press as claimed in any one of claims 1-11, 
wherein said force -transmitting elements form an annular 

25 configuration (140) and are at least three in number, 
preferably at least four, in particular six. 

13. A press as claimed in claim 4 or any one of 
claims 5-12 in combination with claim 4, wherein the 
cover is lifted automatically without external action 

30 from said lower position to said upper position when the 
pressure vessel is pressurised. 

14. A press as claimed in claim 4 or any one of 
claims 5-12 in combination with claim 4, wherein the 
cover is lowered automatically without external action 

35 from said upper position to said lower position when the 
pressure vessel is relieved from pressure. 



WO 02/103228 



21 



PCT/SE02/01210 



15. A press as claimed in any one of claims 1-14, 
wherein actuators (98), such as hydraulic cylinders, mo- 
tor-driven ball bearing screws, pneumatic or mechanical 
actuators, are adapted, in the unpressurised state of the 
5 pressure vessel, to move said force-transmitting elements 
in the direction of or away from the longitudinal centre 
axis of the pressure vessel, and preferably also in the 
direction of or away from the cover so that a diagonal 
displacement is provided. 

10 16. A method for opening a preferably circular cy- 

lindrical pressure vessel (12, 30, 70, 120) which is in- 
cluded in a press, in particular a high-pressure press, 
and has an internal closure which comprises a cover (40, 
76, 128) and a number of elements (44, 82, 122, 142) 

15 which are adapted to abut against a contact surface (42, 
80, 126) of the cover and a contact surface (38, 88) of 
the inner wall (34, 90) of the pressure vessel with the 
purpose of transmitting forces, in pressurised operation, 
between the cover and the inner wall of the pressure ves- 

20 sel, which method comprises the steps of 

relieving pressure from the pressure vessel, 
releasing said elements by moving the cover in the 
longitudinal direction of the pressure vessel, from a 
first position, where the cover is located when the pres- 

25 sure vessel is pressurised, to a second position, 
characterised by the steps of 

moving said elements away from said contact surface 
of the cover and said contact surface of the inner wall 
of the pressure vessel inwards to the longitudinal centre 

30 axis of the pressure vessel, and 

removing the cover and said elements so that the in- 
side of the pressure vessel is made accessible. 

17. A method as claimed in claim 16, wherein said 
displacement of the cover from a first position to a sec- 

35 ond position involves lowering of the cover from an upper 
position to a lower position, the step of removing the 
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cover comprising lifting it away from the pressure ves- 
sel . 

18. A method as claimed in claim 17, wherein the 
displacement of said force-transmitting elements away 

5 from said contact surface of the cover is effected by re 
taining said force-transmitting elements in essentially 
the same position, whereas the cover is lowered from the 
upper position to the lower position. 

19. A method as claimed in claim 18, wherein the 

10 step of moving said elements away from said contact sur- 
face of the cover and said contact surface of the inner 
wall of the pressure vessel inwards to the longitudinal 
centre axis of the pressure vessel comprises the partial 
steps of first separating said elements and said contact 

15 surface of the cover from one another and, subsequently, 
separating said elements and said contact surface of the 
inner wall of the pressure vessel from one another. 

20. A method as claimed in any one of claims 17-19, 
wherein the step of moving said force- transmitting ele- 

2 0 ments inwards comprises placing them on another contact 
surface (58) of the cover, the step of lifting up the 
cover comprises lifting of the cover with elements posi- 
tioned thereon. 

21. A method as claimed in any one of claims 16-20, 
25 wherein the step of moving said force- transmitting ele- 
ments inwards is preceded by the step of removing one or 
more filling elements (96) which are arranged between a 
side of each force-transmitting element facing said cen- 
tre axis and the cover and which prevent radial displace 

30 ment of said force-transmitting elements. 

22. A method as claimed in any one of claims 16-21, 
wherein the cover is lowered automatically without any 
external action when pressure is relieved from the pres- 
sure vessel . 

35 23. A method as claimed in any one of claims 16-22, 

wherein the step of releasing said elements comprises re 
leasing said elements from a form- fit state. 
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